Introduction
By the end of 2016, COPD had officially become the third leading cause of mortality worldwide, imposing a heavy financial burden to every country. COPD, primarily caused by smoking, is generally defined as a common preventable and treatable disease characterized by persistent irreversible airflow limitation. 1, 2 Pathologically speaking, COPD is featured by four main characteristics: emphysema, small airway remodeling, chronic bronchitis and pulmonary hypertension. 3 We could conclusively describe all the pathological features as two main parts: emphysema and small airway disease.
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Many studies have demonstrated a strong link between the pathological changes and the disordered immune system, especially the monocyte-macrophage system. Macrophages, a type of white blood cell, participate in the dissolving and development of inflammation and the repairing and remodeling of tissue by their functions of phagocytosis, antigen presentation and immunoregulation. 4 Many researchers have depicted two main activated macrophages, corresponding to T helper 1 (Th1)/T helper 2 (Th2) immune response. One is the classically activated macrophages (related to Th1 immune response), which could produce a great amount of inflammatory cytokines such as TNF-α, IL-6 and IL-12, defending the host from exogenous microbes and tumor cells and are activated by cytokinesis such as interferon INF-γ and LPS. The other one is the alternatively activated macrophages (connected with Th2 immune response), which are responsible for the dissolvement of inflammation, tissue repairing and remodeling; they could be induced by Th2 cytokines such as IL-4 and IL-13. 5 Further, through the alternative activation, macrophages could not only be activated into the M2 phenotype, but also M2-like macrophages. 6 Although these two subtypes of M2 macrophages have many overlapping functions due to highly expressed functional surface molecules like CD206 and CD163 on both of them, 7 there still exist some differences between them. The M2 macrophages are mainly stimulated by IL-4 and IL-13, while the M2-like phenotype is primarily activated by immunocomplexes, glucocorticoids and TGF-β, as well as IL-10, and so on. Another study found 12/15-lipoxygenase might also contribute to the production of M2-like macrophages. 8 Moreover, with the increasingly developed understanding of M2 macrophages, they could even be further divided into three subtypes: M2a, M2b, and M2c. 7 Studies have confirmed an enhanced polarization level of M2 phenotype in the lungs of smokers and even higher in COPD patients, indicating a crucial role of M2 macrophages in the pathogenesis of COPD induced by smoking. 9 Small airway remodeling is the most important part of small airway disease, resulting from the accumulation of inflammatory secretions and the thickened and distorted airway wall (caused by airway-connected tissue repairing). 10 Researchers found that an essential change in small airway remodeling is the disordered components of airway extracellular matrix (ECM; such as the deposition of collagen, fibronectin and glycosaminoglycan).
11 TGF-β is considered to be the key to the stability of ECM, because it could regulate the balance of synthesis and decomposition of many component-related proteases in ECM dynamically. In its downstream molecular pathway, the TGF-β signal is received by TGF-βRII, which in turn activates TGF-βRI, resulting in the phosphorylation of the Smad2 and Smad3, which in turn could interact with the transporter Smad4, becoming a new complex. This complex could enter the nucleus and initiate gene transcription. Smad7 in turn can affect this pathway by inhibiting the phosphorylation of the Smad2 and Smad3. 12 According to all the studies mentioned earlier, we believe that M2 macrophages and TGF-β/Smad pathway are both indispensable to the pathogenesis of COPD. To further enhance our understanding of M2 macrophages in COPD, we observed the number and ratio of the phenotype of macrophages in the mouse COPD model and then detected the expression level of TGF-β/Smad pathway of M2 macrophages affected by cigarette smoke (CS) exposure and cigarette smoke extract (CSE) in vivo and in vitro. We then made some reasonable speculations about the role of M2 macrophages in the pathogenesis of COPD based on all the results we obtained in this study.
Materials and methods animal model
A total of 20 6-week-old mice (weight: 21.1±1.92 g), bought from Vital River Laboratory Animal Technology Co., Ltd. (Beijing, China), were enrolled in this study and divided into two groups: the control group (n=10) and the model group (n=10; CS exposure combined with intraperitoneal injection of CSE). The breeding environment and details of the modeling method had been previously described. 13 In short, the whole modeling period was 28 days. Briefly, the model group mice were put to CS exposure for two cycles per day except on days 1, 12 and 23. The control group was maintained in fresh air with no special treatment. On days 1, 12 and 23, mice in the control group were given an intraperitoneal injection of phosphate-buffered saline (PBS; 0.3 mL/20 g), and meanwhile, mice in the model group were given an intraperitoneal injection of 100% CSE solution (0.3 mL/20 g; preparation method is described in the following) in the same way. On day 29, all the mice underwent lung function measurement using a small animal spirometer. The study was approved by the institutional review board of Central South University and conformed to the guiding principles for research involving animals and human beings. 14 
Preparation of Cse
The preparation method of CSE was also described previously. 13 Briefly, each non-filter Furong cigarette 
lung function measurement
Lung function was measured by a small animal spirometer (PLY3211 system; Buxco Electronics, Sharon, CT, USA), following the protocol described previously by our group. 13 In brief, each mouse was weighed first and anesthetized by intraperitoneal injection of 10% chloral hydrate (3 mL/kg) before being tracheostomized. The trachea was cannulated, and the cannula was connected to a computer-controlled small animal spirometer. Airway resistance (R aw ), lung dynamic compliance (C dyn ), peak expiratory flow (PEF) and inspiratory time/expiratory time (T i /T e ) were measured and noted.
Cell culture
The RAW264.7 cells were obtained from the American Type Culture Collection (Manassas, VA, USA), being seeded in six-well plates with Dulbecco's Modified Eagle's Medium (DMEM) (Life Technologies, Carlsbad, CA, USA) containing 10% (v/v) heat-inactivated fetal bovine serum (FBS; Life Technologies) and 100 U/mL penicillin G and 100 mg/mL streptomycin (HyClone Laboratories, Inc., Logan, UT, USA). The complete medium was free of mycoplasma. The cells were incubated at 37°C in a 5% CO 2 incubator.
M2 macrophage polarization
We polarized M2 macrophages by stimulating RAW264.7 cells with IL-4 (20 ng/mL) as described in another study. 15 Then, we prepared the IL-4 medium by adding 20 ng/mL of recombinant murine IL-4 (PeproTech, Rocky Hill, NJ, USA) to the complete medium described earlier. After being stimulated by IL-4 for 24 h, the RAW264.7 cells were thought to have become M2 macrophages. The polarization efficiency was tested by flow cytometry.
Flow cytometry
To confirm the percentage of M2 macrophages in the IL-4-stimulated RAW264.7 cells, we analyzed the positive rate of CD206, a widely utilized surface marker of M2 macrophages, 16 hematoxylin and eosin (h&e) staining of lung tissue
We chose the lower left lobes to be the sample. The lung tissue was inflated by 4% paraformaldehyde at a constant pressure of 25 cmH 2 O and then fixed with 4% paraformaldehyde for 24 h. The fixed lung tissue was embedded by paraffin (Sigma-Aldrich Co., St Louis, MO, USA) and sectioned into 4-μm sections for further staining with H&E (Sigma-Aldrich Co.). We collected the data of the mean linear intercept (MLI), mean alveolar septal thickness (MAST) and destructive index (DI) to evaluate the pathological change in emphysema of the model as previously described in another study.
17
Immunohistochemical staining (Ihs)
In the first part, we ran the IHS to assess the expression levels of CD68, CD86 and CD206 (representing macrophages, M1 macrophage and M2 macrophage, respectively) in lung tissue by utilizing the specific antibodies of CD68 (diluted 1:100; Proteintech, Chicago, IL, USA), CD86 (Santa Cruz Biotechnology Inc., Dallas, TX, USA; diluted 1:200) and CD206 (diluted 1:100; Proteintech). 18 In the second part, we detected the expression level of key factors of TGF-β/ Smad (TGF-β: diluted 1:200, Abcam, Shanghai, China; TGF-βRII: diluted 1:100, Abcam; p-smad2: diluted 1:100, Abcam; p-smad3: diluted 1:100, Abcam and smad7: diluted 1:100, R&D Systems, Inc., Minneapolis, MN, USA) pathway in M2 macrophages of mouse lung tissue. Since the diameter of a cell is more than the thickness of two continuous sections, these two continuous sections could almost represent the information from the same cell layer. Thus, we utilized the two continuous section-contrasted staining method (putting two consecutive lung paraffin sections as A and B on the same slide and running IHS of CD206 on section A and target proteins [TGF-β, TGF-βRII, p-Smad2, p-Smad3, Smad7] on section B to detect the expression 
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he et al level of the target proteins in CD206 located cells) to detect the expression of the target proteins in M2 macrophages. Briefly, 4 μm-thick paraffin-embedded lung tissue slice was deparaffinized and rehydrated. Antigen was retrieved using sodium citrate at 95°C for 10 min (Tris/EDTA, 95°C, 20 min for p-Smad2). To block endogenous peroxidase activity, these sections were incubated with 3% H 2 O 2 for 30 min at room temperature. Then, the lung tissues were incubated overnight at 4°C with all the first antibodies. The samples were then washed carefully by PBS and incubated with the appropriate horseradish peroxidase-conjugated secondary antibodies for 15 min at 37°C. Then, the target proteins were visualized by diaminobenzidine (DAB) (Sigma-Aldrich Co.) and counterstained with hematoxylin. The tissues were photographed by a microscope (Olympus Corporation, Tokyo, Japan). In the first part, the number of positive cells were collected. In the second part, we calculated the ratio of double-positive cell/CD206-positive cell (double positive: the CD206 + and the corresponding target protein + in the same cell layer from the two continuous sections) to represent the expression level of the target proteins in M2 macrophages.
real-time reverse transcription polymerase chain reaction (rT-PCr)
We treated the IL-4-stimulated RAW264.7 cells with CSE (10%, 24 h) and then utilized the TRIzol reagent (TaKaRa, Dalian, Liaoning, China) to isolate the total RNA of them following the manufacturer's protocol. Then, the total RNA sample (optical density [OD] A260/A280.1.8) was reversely transcribed by PrimeScript™ RT Reagent Kit (TaKaRa). Then, the relative expression level of mRNA was assessed by SYBR Green PCR Master Mix (Bio-Rad, Laboratories Inc., Hercules, CA, USA) and quantified by two-step quantitative real-time polymerase chain reaction (PCR; Applied Biosystems, Carlsbad, CA, USA). β-actin was used as an internal control, and ΔC T method was used to calculate the expression of mRNA. The primers for quantitative polymerase chain reaction (qPCR) analysis are shown in Table 1 .
statistical analysis
All the data were analyzed by SPSS 22.0 statistical software (IBM Corporation, Armonk, NY, USA) and are presented as mean ± standard error of the mean (SEM). The differences between groups were examined using Student's unpaired t-test. And we used the Pearson's correlation coefficient between groups to analyze the correlation. p-value ,0.05 was considered as statistically significant.
Results
evaluation of mouse COPD model
The changes in lung function of the model group mice were similar to those of human COPD patients whose C dyn , PEF and T i /T e were all decreased (p,0.05; Figure 1B-D) compared to the normal ones, and meanwhile, R aw was increased (p,0.05; Figure 1A ). The pathological changes were mainly described as enlarged alveolar space, thinner alveolar septum and destroyed alveolar wall. Quantitatively speaking, the MIL, DI and MAST were all decreased compared to the control group (p,0.05; Figure 2A -C).
Macrophages were M2 polarized in mouse COPD model
In the first IHS part, we found an enhanced number of macrophages (p,0.05; Figures 3A and 4A and B) and an increased ratio of M2/M1, indicating a tendency that showed a M2-directed polarization of macrophages in the lung of model group mice (p,0.05; Figures 3B and 4C-F) .
Correlation analysis for lung function and the ratio of M2/M1 macrophages in lung tissue among the control and model groups
We found, by Pearson analysis, that the ratio of M2/M1 in lung tissue tended to have a positive correlation with R aw of lung function ( Figure 5A ). However, the other criteria of lung function such as C dyn , PEF and T e /T i were all negatively correlated with the ratio of M2/M1 macrophages ( Figure 5B-D) .
Polarization efficiency of IL-4-stimulated raW264.7 cells
The RAW264.7 cells were detected for the surface marker of CD206 after IL-4 stimulation (20 ng/mL, 24 h) by flow cytometry. The positive rate of CD206 + cells was up to 93.4% (Figure 6 ), which is sufficient for the following experiments. 
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Potential role of M2 macrophages in COPD gene expression change of TgF-β/smad pathway in Cse-treated M2 macrophage
The ratio of OD A260/A280 of the total RNA we isolated was between 1.8 and 2.1. Analyzed by RT-PCR, the gene expression values of TGF-βRII, Smad2, Smad3 and Smad7 were all increased compared to the control group (p,0.05; Figure 7 ).
Protein expression change of TgF-β/ smad pathway in M2 macrophages in lungs of mouse COPD model
We ran the two continuous section-contrasted staining in immunohistochemical way to detect the expression levels of TGF-β, TGF-βRII, p-Smad2, p-Smad3 and Smad7. We found, in the model group, that the ratio of all doublepositive/CD206-positive cells was higher than those of the corresponding control group, which means that the expression levels of all target proteins in M2 macrophages were increased compared to the those of the control group (p,0.05; Figures 8 and 9 ).
Discussion
In the present study, we successfully built the mouse COPD model and confirmed a M2-directed polarization tendency of alveolar macrophages. Moreover, we initially found that the expression level of TGF-β/Smad pathway in M2 macrophages is aberrantly activated both in vitro and in vivo and TGF-β from M2 macrophages themselves might accelerate this activation process in an autocrine manner. The COPD model-building method of CS exposure combined with CES intraperitoneal injection was first reported by our group, and the changes were similar with those of human smokers and COPD patients pathologically and physiopathologically. 13 The long-term smoking-induced mouse COPD model is the most classical method to build COPD model, and the method of CES intraperitoneal injection alone was also reported previously. 19 This new method is more efficient compared to the classical ones.
Generally speaking, macrophages could be divided into different subgroups according to their surface markers and functions as is mentioned earlier. 5 Briefly, the M2 phenotype, induced by Th2-related cytokines, presenting a feature of anti-inflammation, is also considered to be related with antiparasite, tissue repairing and remodeling as well as tumor promotion. 20 The alveolar macrophages present a polarization tendency of M2 phenotype, which is identical with the previous studies. 9, 21 Small airway disease is one of the most crucial pathological change in COPD. As is demonstrated by the other researchers, 22 the small airway narrowing results from the remodeling and fibrosis of surrounding tissue of peripheral airway and the destruction of small airway-attached alveolar. These processes are all related to TGF-β/Smad pathway, which is a key factor to tissue fibrosis and remodeling and adjusting of ECM elements. 23, 24 Research has reported that serum amyloid P presents an anti-fibrotic feature through inhibiting M2 polarization in an Smad3-dependent manner. 25 Other research has found that, in insulin-resistant patients, adipose tissue demonstrated increased fibrosis, which might be resulting from M2 macrophage abundance and TGF-β activity. 26 There is also research concerned with the cytokine 
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he et al environment of abdominal cavities of peritoneal fibrosis (PF) rats, promoting macrophages to differentiate to M2 phenotype. The function of M2 macrophages in PF might be related to the TGF-β/Smad pathway. 27 All this research demonstrated M2-directed and TGF-β/Smad pathway-activated changes to be involved in a tissue-remodeling and fibrosisrelated pathogenic environments. When people smoke, the alveolar macrophages are under direct exposure of CS. To observe the characteristics of M2 macrophages in such a pathogenic environment in vitro and vivo, we treated the M2 macrophages with CSE and build mouse COPD model, respectively. We found an obviously enhanced expression level of TGF-β/Smad signaling in M2 macrophages both in vitro and in vivo compared to that in the control group. These results indicate that CS exposure might not only promote M2-directed polarization of macrophages 28 but also activate the TGF-β/Smad pathway in them. Smad7 took effect as a pathway antagonist. Our present results were in accordance with the previous studies to a large extent. Although there are many limitations utilizing RAW264.7 cells (mouse leukemic macrophages) as a research object, their functions of macrophage still remain, and many studies utilized RAW264.7 to design M2-related research and obtained ideal results. 15, 29 Previously, many studies had established a strong relationship between matrix metalloproteinases (MMPs) and COPD, because MMPs are the regulatory factors of elastin and collagen in ECM, which are indispensable to the occurrence of emphysema. [30] [31] [32] Studies found, under CS exposure, that the expression levels of MMPs were increased in lungs of mouse. 9, 33, 34 Moreover, MMP-9 and MMP-12 had been confirmed to have strong causal relationship with COPD. To the best of our knowledge, macrophages could secrete MMPs themselves, 35 and smoking might contribute to a higher level of MMP-9 from alveolar macrophages; 36 moreover, it went further from COPD patients' alveolar macrophages with a higher elastolytic activity. 37 Besides the disordered cytokines secretion of macrophages under CS exposure, the functions of antigen presentation and phagocytosis were damaged, 38 leading to a defect in inflammation regulation. Nevertheless, all this research did not concern the subgroup of macrophages. Gao et al 39 found that smoking might give rise to the Smad7 level, which might in turn cause a higher MMP-9 level, leading to emphysematous changes in Fut8 −/− mouse, and they did not mention the sources of Smad7 and TGF-β. However, it is reasonable to speculate, largely, that those aberrantly secreted Smad7 and TGF-β are related to M2 macrophages in COPD. The studies cited above all surmised that, more or less, CS exposure, M2 macrophages and TGF-β/Smad signaling are responsible for COPD respectively, but none of these studies had debated the inner connection of these three items. Based on all the previous studies and what we found in our present study, we could make a hypothesis that smoking might cause a M2-directed polarization tendency of alveolar macrophages with an activated TGF-β/Smad signaling, which might promote the secretion of MMP-9 from these M2 macrophages, contributing to the occurrence of COPD eventually. Therefore, blocking the alternative activation process of macrophages and the activation of TGF-β/Smad in M2 macrophages might be novel ways to prevent and treat COPD in the early stage.
Some limitations of the present study merit consideration. Initially, the original intention of this study was to observe the characteristics of M2 macrophages in COPD both in vitro and in vivo and speculate the probable pathogenic mechanism behind it reasonably. Thus, this study might not be able to demonstrate a complete mechanism of M2 macrophages in COPD but a potential role based on all the data we collected. However, it might still sever as an enlightenment for further research on mechanisms. Moreover, the method of two continuous section-contrasted IHS might, inevitably, like every other experimental method, cause some bias in results because the two continuous tissue paraffin sections could be damaged physically, more or less, during the manufacturing process. While according to our observation, these biases of results are acceptable and have not made any significant difference to the trend of primary outcomes. This novel method of IHS is feasible theoretically and simple to handle, working without advanced experiment instruments such as laser confocal fluorescence microscope. Nevertheless, it could be affected by improper and careless operational processes; therefore, a detailed and canonical protocol might be necessary to make this method more reliable and credible.
Conclusion
We demonstrated that macrophages tend to polarize to the M2 phenotype with an activated TGF-β/Smad signaling under CS and/or CSE exposure both in vitro and in vivo. Initially, we indicated that functions of M2 macrophages in the pathogenesis of COPD might associate with TGF-β/ Smad signaling. However, this study was still an observational one. Further studies about the accurate molecular mechanism are necessary to address the complete role of M2 macrophages in the pathogenesis of COPD; yet, intervention of macrophages' polarization and activation of TGF-β/Smad pathway might be novel directions to prevent and treat COPD in the early stage.
